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Goal:10 Mbps; 10 km; 1 cm3
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10 Mbps

10 km

1 cm”3 Gy
MAV to MAV comm [

— Problem: no MAV money




System Components

Steered laser transmitters

— COTS laser diode
— MEMS variable focus lens
— MEMS steering mirror

CMOS imaging receiver
3 axIs gyros and accelerometers
Algorithms and software



2D beam scanning

|_AR coated dome

Steering Mirror

| CMOS ASIC

20KV X1300 0803 10.00 MSIMA <<8KU % 9801 100.0U MSME | 20KV X13@0




6-bit DAC Driving Scanning Mirror

» Open loop control
« Insensitive to disturbance

 Potentially low power A




~8mm? laser scanner

MAG= 39X

200pm EHT = 585 kV

|_| WD = 35mm

-

| ® Two 4-bit mechanical DACs

~ control mirror scan angles.

. " ~6degrees azimuth, 3 elevation

Signal A = SE2
Photo Mo, = 832

EHT = 585 kY Signal A = SE2 Date :5 Jan 2000
WD = 34 mm Photo Mo, = 830 Tima :13:42




Steered Laser Transmitter
(SALT I)

1Mbps demonstrated

Not so agile (several milliseconds)

Not much steering (several degrees)

Bad alignment, huge divergence (degrees)

8mm?
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Mirrors

MEMS optical-—
assembly




Laterally Actuated Gimbals




Laterally Actuated Gimbals

Single crystal silicon
Low Inertia mirrors

Scaleable
— Mirrors
— actuators

Position sensing
Large angle scanning

Fast!
— 700 micron mirror =» 10 microsecond settling




COTS Optical Comm.
Brian's ¥5D Demo _ |O] x|
Frame, Signal Hate —Display Thresholding
Real 10.0 Rate (1] [GOCPSC] [Fccd 7]
Signal Size, Noise — Message Qutput Type
Sizﬂ Noise IEIEum:k Coding | [ShowBits =]

-» 11110000

W FullScreen

= -> 100700

> 83 00 [ File Dump

-» 11111000
Packet at 72, 96 Pixels: 19 Average Strength: 49 data: 9 3 255
00348 2100 with CHC OK

Laser mote
— 4bps OOK CCD camera + laptop

— Laser pointer
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CMOS Imaging Recelver

« Array of pixels provides
— Spatial division multiplexing
— Reduced DC ambient

e CMOS Active Pixels

— CON: limits wavelengths (<1000nm)

- PRO
e Cheap!
 Easy/fast prototypes
« Gordon Moore




s CMOS Imaging receiver
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Theoretical Performance

0., = lmrad =2 G
BR =5 Mbps

10nJd/bit

ant —

/1dB

Areceiver = 1lcm?

P, = 10nW (-50dBm)
Piota = D0UW /pixel
SNR =15dB
~10,000 photons/bit
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Theoretical Performance

—W

D_

Areceiver = O'lmm2

P. =10nW (-50dBm)
6., = Imrad Pioia = SOUW
BR =5 Mbps SNR =15dB

20pJ/bit!




Theoretical Performance

el/z = 1mrad Areceiver = 1m?

BR =2 Mbps P, = 10nW (-50dBm)
Piota = 90UW /pixel

25nJ/bit! SNR =17 dB




3 Axis Gyro

 Critical for both acquisition and
maintenance stability

e Requires
— ~10x iImprovement in resolution




Algorithms and Software

o Acquisition
— Binary search with variable divergence
— 10 microsecond transitions, 10 bit “hello”s
— <Ims @ 100m, minim
— Gyro stabilized for long range acquisition
— Inertial measurement for short range acquisition

e Maintenance
— Beam dithering + gyro feedforward
— Dynamic transmit power & pixel activation

 Ad Hoc Networking




Optical Communication
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01 Goal

smart Dust Components

Laser diode
III-V process

Passtve CCR comum.
WEMS 'polyeilicon

Actiwreheam steering laser comm.
MEIS loptical gquality polysilicon

2 Analeg 110, DSP, Control
T COTS CMOS

MWEWS bulk, sarface, .. Power capacitor
Iiulti-layer cerarnic

Solar cell
ChIDS ar III-V

Thick film hattery
Soligel V0,




Micro Mote - First Attempt
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Output Power Efficiency

. RF

— Slope Efficiency
e Linear mod. ~10%
e GMSK ~50%

_P = 1-100mW Efficiency

overhead —

e Optical
— Slope Efficiency P
e lasers ~25%
 LEDs ~80%
- P = 1uw-100mwW

overhead —

overhead




Limits to RF Communication

cassini

8 GHz (3.5cm)
20 W

1.5x10° km
115 kbps
-130dbm Rx

10-21 J/bit
— kT=4x 104 J @300K
— ~5000 3.5cm photons/bit

Canberra
e 4m, /0m antennas




